Hepatocellular carcinoma risk factors, pathogenesis, diagnosis, and treatment options
=====================================================================================

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, and is the third-leading cause of cancer-related death.[@b1-jhc-1-021] The incidence of HCC in various regions differs significantly.[@b2-jhc-1-021] Developing countries, including East and Southeast Asia and Central and West Africa, have the highest prevalence of HCC, due to the higher prevalence of hepatitis B virus (HBV) infection. Half of all HCC cases and deaths occur in the People's Republic of China (PRC), because HBV infection is widespread in the PRC. However, the incidence of HCC has also been increasing in developed countries, such as the US, as a result of hepatitis C virus (HCV) infection and nonalcoholic steatohepatitis.[@b3-jhc-1-021] Similar to other malignant cancers, HCC develops in response to genetic and epigenetic changes that enable cells to replicate faster or to avoid apoptosis.[@b4-jhc-1-021] These cellular changes contribute to the high mortality rate. Many factors, including cirrhosis,[@b5-jhc-1-021] HBV infection,[@b5-jhc-1-021] HCV infection,[@b6-jhc-1-021] alcoholism,[@b7-jhc-1-021] smoking,[@b8-jhc-1-021] aflatoxin,[@b9-jhc-1-021] type 2 diabetes,[@b10-jhc-1-021] and nonalcoholic steatohepatitis,[@b11-jhc-1-021] can lead to HCC. In total, 70%--90% of HCC cases develop from chronic liver inflammation and cirrhosis.[@b4-jhc-1-021] Cirrhosis is the most important risk factor, and is commonly caused by alcoholism, chronic HBV, or chronic HCV. The risk factors vary significantly in different countries. In countries where hepatitis B infection is endemic, such as in the PRC, hepatitis B is the major cause of HCC,[@b2-jhc-1-021] whereas in countries such as the US, the major cause of HCC is cirrhosis.[@b3-jhc-1-021] However, the mechanisms underlying the pathogenesis of HCC are still largely unknown.

It is important to monitor patients at high risk for developing HCC to diagnosis the disease at early stages. Patients with HBV infection, HCV infection and/or cirrhosis need to be closely observed for any symptoms of HCC.[@b12-jhc-1-021] There are various risk factors for HCC and methods for estimating its occurrence, such as ultrasonography and measuring levels of α-fetoprotein (AFP), des-γ-carboxy prothrombin (DCP), fucosylated fraction of AFP (AFP-L3), osteopontin, and glypican 3. Ultrasonography is the primary means of diagnosing HCC early, and is a convenient, safe, and noninvasive method. However, ultrasonography has a disadvantage, because the diagnostic results are largely dependent on the operator and equipment. Small HCC lesions can be missed in ultrasonography with background cirrhosis, even by an experienced operator. Therefore, the false-positive and -negative rates with this method are high.[@b2-jhc-1-021] AFP is another commonly used diagnostic marker for HCC. However, it is reported that 80% of patients with small HCC lesions do not exhibit AFP upregulation.[@b13-jhc-1-021] Combination of AFP and ultrasonography is the most commonly used diagnostic marker. Okuda et al[@b14-jhc-1-021] reported that the sensitivity of DCP was only 35.0% and 39.3% in tumors smaller than 2 and 3 cm, respectively. They suggested that DCP should be used in combination with AFP. AFP-L3 was reported to be a more specific marker for diagnosing HCC than AFP.[@b15-jhc-1-021] However, AFP-L3 is not stable, and is expressed at very low levels.

Current HCC treatment options basically follow the principles of staging-guided treatment. There are numerous staging systems for HCC.[@b16-jhc-1-021] Barcelona Clinic Liver Cancer staging is considered the standard method for assessing the prognosis of HCC patients. This staging method is based on patient performance status.[@b17-jhc-1-021] The recommended treatment options for and the corresponding outcomes of HCC are summarized in [Table 1](#t1-jhc-1-021){ref-type="table"}. For patients with very early stage HCC presenting with a single tumor that is less than 2 cm in diameter,[@b18-jhc-1-021] 90% survival can be achieved with surgical resection.[@b19-jhc-1-021] For patients with early stage HCC presenting with a single tumor and without portal hypertension, surgical resection should be implemented. In other cases, liver transplantation is a good choice.[@b18-jhc-1-021] If a donor is unavailable, radiofrequency ablation is the next-best option.[@b18-jhc-1-021] For patients with intermediate-stage HCC, the best choice is transarterial chemoembolization, which achieves a survival time of approximately 20 months and a 3-year survival rate of 10%--40%.[@b20-jhc-1-021],[@b21-jhc-1-021] For patients with advanced disease with mild HCC-related symptoms, portal invasion, and extrahepatic metastasis, the preferred treatment method is chemotherapy, such as with sorafenib,[@b22-jhc-1-021] which provides a survival time of approximately 11 months.[@b22-jhc-1-021] For patients with end-stage disease, all the aforementioned treatments are ineffective. The 1-year survival rate of these patients is less than 10%, and the survival time is approximately 3 months.[@b12-jhc-1-021]

HCC is a rapidly progressing malignancy, and therefore most patients (\>80%) are diagnosed at the later stages, at which point surgical resection is not appropriate. Even with surgical resection, the recurrence rate is extremely high. Therefore, early surveillance and early diagnosis in high-risk populations are important, and can enable surgical treatments and improve survival. To increase the detection rate of small HCC lesions, it would be better to combine various markers, but this will increase the cost and difficulty.[@b16-jhc-1-021],[@b23-jhc-1-021] Although many markers exist, there is no single biomarker that can diagnose early stage HCC. These biomarkers usually require invasive detection methods. Therefore, to contribute to early diagnosis, treatment, and prognosis of HCC, further studies on these biomarkers and the development of novel biomarkers are urgently needed.

miRNAs as posttranscriptional gene regulators
=============================================

Micro-ribonucleic acids (miRNAs) are a novel class of noncoding single-stranded RNAs that are 19--23 nucleotides in length. They are highly evolutionarily conserved, and regulate approximately 30% of all gene expression at the posttranscriptional level.[@b24-jhc-1-021] miRNAs were first discovered in 1993; Lee et al[@b25-jhc-1-021] discovered that lin-4 controlled the timing of sexual development in *Caenorhabditis elegans*. Currently, there are 1,872 entries representing hairpin precursor miRNAs, corresponding to 2,578 mature, expressed miRNAs in *Homo sapiens* (miRBase release 20, <http://www.mirbase.org>). Functionally, miRNAs silence gene expression through two mechanisms: messenger RNA (mRNA) degradation or translational repression. If an miRNA binds to the three' untranslated region (3′UTR) of an mRNA with perfect complementarity, the miRNA will specifically direct mRNA cleavage. If an miRNA and the 3′UTR of an mRNA are partially complementary, the miRNA will inhibit translation. In animals, miRNAs are partially complementary to the 3′UTR of target mRNAs.[@b26-jhc-1-021],[@b27-jhc-1-021] However, the mechanism of action of miRNAs in plants is different: they are typically fully complementary, and thus result in target-gene degradation.[@b24-jhc-1-021],[@b27-jhc-1-021] The biogenesis of miRNAs is summarized in [Figure 1](#f1-jhc-1-021){ref-type="fig"}.

Similar to other molecules involved in regulating gene expression, the expression levels of miRNAs differ significantly in various tissues and at distinct developmental stages.[@b24-jhc-1-021],[@b26-jhc-1-021]--[@b28-jhc-1-021] Accumulating evidence suggests that miRNAs play an essential role in regulating gene expression at the posttranscriptional level.[@b24-jhc-1-021] The diversity in miRNA sequence, structure, abundance, and expression make them powerful regulators of mRNA, which is involved in development, proliferation, differentiation, apoptosis, energy metabolism, and other physiological processes.[@b28-jhc-1-021] Therefore, alterations in miRNA expression may reflect a change in the physiological state.

The role of miRNA in HCC carcinogenesis
---------------------------------------

Abnormal miRNA expression is involved in the development of many diseases, such as cancer,[@b29-jhc-1-021] diabetes,[@b30-jhc-1-021] inflammation,[@b31-jhc-1-021] infection,[@b31-jhc-1-021] cardiovascular disease,[@b32-jhc-1-021] genetic disease,[@b33-jhc-1-021] and nervous system disease.[@b34-jhc-1-021] miRNAs are involved in various processes during tumor development, and have been associated with numerous cancers.[@b35-jhc-1-021] Specific miRNA-expression profiles have been observed in cancer patients. Detecting changes in miRNA expression may become an important aspect in the early diagnosis, prognosis, and targeted treatment of cancer.

The role of miRNA in tumorigenesis is primarily focused on three aspects: miRNAs as oncogenes (oncomirs),[@b36-jhc-1-021],[@b37-jhc-1-021] miRNAs as tumor-suppressor genes,[@b36-jhc-1-021],[@b37-jhc-1-021] and miRNAs encoded by oncogenic viruses that are involved in tumorigenesis.[@b38-jhc-1-021] The early evidence for the involvement of miRNAs in tumorigenesis was reported by Calin et al.[@b39-jhc-1-021] They found that miR-15a and miR-16, localized at 13q14, were absent or downregulated in approximately 50% of patients with chronic lymphocytic leukemia. Cimmino et al[@b40-jhc-1-021] determined that miR-15a and miR-16 act as tumor-suppressor genes in chronic lymphocytic leukemia by targeting B-cell CLL/lymphoma 2 (BCL2). The miR-17-92 polycistron (also known as oncomir 1), which is located at 13q31, is a typical example of an oncomir. Genes in this chromosomal region are involved in numerous types of tumorigenesis, such as diffuse B-cell lymphoma[@b41-jhc-1-021] and lung cancer.[@b42-jhc-1-021] Recent studies have shown that certain viruses encode their own miRNAs via the infected host cell. For example, Epstein--Barr virus infection is responsible for multiple types of malignancies. Infected cells express high levels of Epstein--Barr virus miRNAs, and have consistently decreased expression of cellular tumor-suppressor miRNAs.[@b38-jhc-1-021]

The development of HCC is closely related to uncontrolled cell-cycle progression and the abnormal expression of oncogenes and tumor suppressors.[@b43-jhc-1-021] miRNAs influence HCC carcinogenesis by regulating the expression of these genes. Murakami et al[@b44-jhc-1-021] were the first to report different miRNA-expression profiles in HCC, adjacent nontumorous tissue, and chronic hepatitis specimens using miRNA microarray. Commonly deregulated miRNAs in HCC are discussed in detail in the following sections.

### miR-122

As an abundant liver-specific miRNA, miR-122 has attracted a lot of researchers' attention. It was reported to be a typical miRNA downregulated in the liver of HCC patients. Observation of different miRNA-expression profiles in rats with HCC revealed that the let-7a, miR-21, miR-23, miR-130, miR-190, and miR-17-92 gene families were upregulated, whereas miR-122 was downregulated in rat tumors and primary human HCC tumors compared with pair-matched control.[@b45-jhc-1-021] In addition, cyclin G~1~ could enable miR-122 to influence p53 protein stability and transcriptional activity, decreasing the invasive capacity of HCC-derived cell lines. In patients with resected HCC lesions, higher cyclin G~1~ expression was associated with reduced survival, suggesting that miR-122 may be an effective molecular target in HCC.[@b46-jhc-1-021] In 2009, Tsai et al[@b47-jhc-1-021] reported that liver-specific miR-122 was significantly downregulated in liver tumors with intrahepatic metastasis, and that it negatively regulated tumorigenesis. Restoring miR-122 expression significantly reduced in vitro migration and invasion and in vivo tumorigenesis, angiogenesis, and intrahepatic metastasis. Furthermore, they ascertained that ADAM (a disintegrin and metalloproteinase)-17 was one of the miR-122 targets involved in metastasis. When miR-122 was knocked out in mice, the mice were viable but developed temporally controlled steatohepatitis, fibrosis, and HCC.[@b48-jhc-1-021] This suggested the importance of miR-122 in the normal physiological functioning of the liver. Interestingly, the incidence of HCC in miR-122-knockout mice recapitulates the disease incidence in humans. Moreover, various signaling pathways were disrupted in the livers of miR-122^−/−^ mice, closely resembling the disruptions observed in human HCC. The restoration of miR-122 diminished disease manifestation and tumor incidence in miR-122^−/−^ mice. These findings collectively demonstrated the critical role of miR-122 in liver homeostasis and hepatocarcinogenesis.

### miR-221

miR-221 is one of the most commonly upregulated miRNAs in human cancer. miR-221 regulates the development of HCC by targeting tumor-suppressor genes, such as *BMF*,[@b49-jhc-1-021] *CDKN1B*,[@b50-jhc-1-021],[@b51-jhc-1-021] *CDKN1C*,[@b51-jhc-1-021],[@b52-jhc-1-021] *PTEN*,[@b53-jhc-1-021] *IMP3*,[@b53-jhc-1-021] and human *DDIT4*.[@b54-jhc-1-021] To demonstrate that miR-221 is an oncomir, Callegari et al[@b55-jhc-1-021] developed a transgenic mouse with miR-221 overexpression in the liver, and determined that miR-221 promoted liver tumorigenicity via its target protein-coding genes (*CDKN1B*, *CDKN1C*, and *BMF*), thereby providing a valuable tool for preclinical investigations of the use of anti-miRNA approaches for the treatment of HCC.

### miR-17-92 and miR-21

The miR-17-92 polycistron consists of six miRNAs: miR-17-5p, miR-18a, miR-19a, miR-19b, miR-20a, and miR-92a-1. It is reported that miR-17-92 had a negative feedback effect on suppressing HBV replication. HBV replication increases miR-17-5p, miR-20a, and miR-92a-1 expression. On the other hand, miR-20a and miR-92a-1 targeted HBV transcripts.[@b56-jhc-1-021] Connolly et al[@b57-jhc-1-021] established that the miR-17-92 polycistron and miR-21 were upregulated in all primary human and woodchuck HCCs. In human and woodchuck HCC cell lines, depleting tumor cells of miR-17-92 polycistron or miR-21 by specific antisense oligonucleotides resulted in a 50% reduction in hepatocyte proliferation and growth, suggesting that miR-17-92 and miR-21 promote HCC tumorigenesis. The typical function of miR-21 is to promote tumor proliferation and migration by targeting phosphatase and tension homologue deleted on chromosome ten (PTEN)[@b58-jhc-1-021] and programmed cell death protein 4 (PDCD4).[@b59-jhc-1-021] It was found that up-regulated miR-21 could strongly inhibit the protein expression of PTEN in HCC cells.[@b60-jhc-1-021] In addition, overexpression of miR-21 suppressed and inhibition of miR-21 promoted tumor-cell proliferation, invasion, and migration by targeting PDCD4, an upstream regulator that activates transforming growth factor-β.[@b61-jhc-1-021]

### miR-26a

miR-26a is widely expressed in various tissues. However, it was reported that miR-26a expression is downregulated in HCC cells.[@b62-jhc-1-021] Overexpression of miR-26a in vitro induced cell-cycle arrest by targeting cyclins D~2~ and E~2~. miR-26a overexpression in a mouse model of HCC inhibited cancer cell proliferation, induced tumor-specific apoptosis, and protected the liver from disease progression. These data suggest that restoring miRNAs that are lost in diseased cells may be a general strategy for treating cancer. To restore the lost miRNA, either miRNA mimics or precursor miRNA could be used. To improve delivery efficiency, they can be chemically modified or incorporated into adenoviral or lentiviral particles.[@b63-jhc-1-021]

### miR-125b

miR-125b was demonstrated to be an HCC-inhibitor gene by Lin28B.[@b64-jhc-1-021] It was found that miR-125b expression was downregulated in approximately 70% of HCC samples, and was negatively correlated with Ki-67, an indicator of cell proliferation, suggesting that miR-125b inhibits the proliferation and migration of HCC cells. Furthermore, it was revealed that miR-125b suppressed cell-cycle progression by downregulating Lin28B expression, thereby upregulating p21Cip1/Waf1 expression.

### miR-199a/b-3p

By performing an in-depth analysis of miRNomes, miRNA-expression profiles in human normal liver, hepatitis liver, and HCC were studied, and miRNAs were found to account for 88.2% of the miRNome in human liver.[@b65-jhc-1-021] The three most abundantly expressed miRNAs were miR-122, miR-192, and miR-199a/b-3p, accounting for 52.0%, 16.9%, and 4.9% of the miRNome, respectively. Subsequent analyses revealed that miR-199a/b-3p was consistently downregulated in HCC, and this decrease significantly correlated with poor survival of HCC patients. Furthermore, miR-199a/b-3p targeted the tumor-promoting protein P21 protein-activated kinase 4 (PAK4) to suppress HCC growth by inhibiting the PAK4/Raf/Mitogen-activated protein kinase kinase (MEK)/extracellular signal-regulated kinase pathway both in vitro and in vivo.[@b65-jhc-1-021] The expression of miR-199b was also investigated during the development of HCC, and was found to be involved in the progress of HCC. The expression changes of seven cancer-related miRNAs during the early stages of HBV-related hepatocarcinogenesis in formalin-fixed paraffin-embedded dysplastic nodules, small HCCs, and corresponding nontumorous livers were evaluated, and it was demonstrated that miR-145 and miR-199b were downregulated and miR-224 upregulated in premalignant dysplastic nodules, and that these changes persisted throughout the development of HCC.[@b66-jhc-1-021]

### miR-10a

miR-10a is commonly upregulated in HCC, and is therefore another important miRNA implicated in the migration and invasion of tumor cells. miR-10a promotes epithelial--mesenchymal transition by targeting ephrin type-A receptor 4.[@b67-jhc-1-021]

### miR-24, miR-124, and miR-629

Hepatocyte nuclear factor (HNF)-4α is an essential transcription factor for liver development and hepatocyte function.[@b68-jhc-1-021],[@b69-jhc-1-021] It was recently reported that liver tumorigenesis could be modulated by a novel feedback loop in hepatocellular carcinoma involving HNF4α, miR-124, interleukin 6 receptor, signal transducer and activator of transcription 3, miR-24, and miR-629. The feedback loop was governed by miR-24 and miR-629, which promote transient inhibition of HNF4α, resulting in miR-124 induction and signal transducer and activator of transcription 3 activation.[@b70-jhc-1-021] These results support the use of miRNAs as potential targets for the early treatment of hepatocellular carcinoma.

Tissue miRNAs as biomarkers for HCC diagnosis and prognosis
-----------------------------------------------------------

The expression profiles of tissue miRNAs can be used as biomarkers for HCC diagnosis and prognosis. miRNAs with potential diagnostic or prognostic value for HCC are summarized in [Table 2](#t2-jhc-1-021){ref-type="table"}. miR-29 was reported to be frequently downregulated in HCC. Xiong et al reported that miR-29 regulated the apoptosis, tumorigenicity, and prognosis of HCC through targeting Bcl-2 and Mcl-1.[@b71-jhc-1-021] miR-21, miR-31, miR-122, miR-221, and miR-222 were reported to be significantly upregulated in HCC, whereas miR-145, miR-146a, miR-200c, and miR-223 were downregulated.[@b72-jhc-1-021] However, in intrahepatic cholangiocarcinoma samples, miR-21, miR-31, and miR-223 were upregulated, whereas miR-122, miR-145, miR-200c, miR-221, and miR-222 were downregulated. Moreover, the expression of miR-21, miR-31, miR-122, and miR-221 in HCC correlated with cirrhosis, but miR-21 and miR-221 expression was associated with tumor stage and poor prognosis. miR-203 and miR-155 were also related to prognosis after transplantation to treat HCC. Patients with elevated miR-203 expression had significantly better recurrence-free survival and overall survival. A multivariate analysis revealed that high miR-203 expression was an independent predictor of good prognosis.[@b73-jhc-1-021] However, patients with higher miR-155 expression had significantly worse recurrence-free survival and overall survival. Furthermore, high miR-155 expression was an independent predictor of poor prognosis and correlated with HCC invasiveness.[@b74-jhc-1-021] miR-185 was reported to be associated with venous HCC metastasis.[@b75-jhc-1-021] miR-185 also has clinicopathological significance and prognostic value for early stage HCC.

miR-185 expression was investigated in a cohort of patients with early stage HCC who were divided into a treated recurrence group and a non-treated recurrence group, and it was discovered that low miR-185 expression correlated with increased tumor recurrence and that high miR-185 expression correlated with a lower recurrence rate.[@b76-jhc-1-021] However, there was no direct correlation between miR-185 and clinicopathological features (ie, age, sex, alanine aminotransferase, AFP, liver cirrhosis, tumor size, tumor encapsulation, or tumor differentiation).[@b76-jhc-1-021] Yang et al[@b77-jhc-1-021] compared the miRNA-expression profiles in normal, chronic HBV hepatitis, HBV-positive cirrhotic, HBV-positive HCC, and corresponding normal paratumorous livers and hepatoma cells, and determined that miR-602 plays an oncogenic role in HBV-related hepatocarcinogenesis by targeting Ras association domain-containing protein 1. These results suggested that miR-602 might be an early diagnostic marker for HBV-mediated HCC.

miR-18b expression is an important marker of cell proliferation and cell adhesion, and is also a predictive marker of clinical outcome.[@b78-jhc-1-021]--[@b80-jhc-1-021] A microarray analysis of the miRNA expression profiles in 110 HCC samples (60 moderately, 30 poorly, and 20 well differentiated) revealed that the expression of 12 miRNAs varied significantly according to the degree of histological differentiation. Among them, the expression of miR-18b was significantly higher in poorly differentiated HCC than in well-differentiated HCC. Moreover, high miR-18b expression correlated with a significantly shorter relapse-free period than in HCC patients after surgical resection.[@b81-jhc-1-021]

The expression level of miR-20a was found to be lower in primary HCC than in normal liver, and was further decreased in patients with an HCC recurrence after liver transplantation compared with those without a recurrence. In addition, lower miR-20a expression was associated with decreased recurrence-free survival and overall survival, suggesting that miR-20a is an independent predictor of poor prognosis. miR-20a may have potential as a therapeutic target and biomarker in HCC.[@b82-jhc-1-021] miR-99a expression is frequently downregulated in HCC tissues, implying that miR-99a may be correlated with HCC prognosis, and thus has potential as a prospective prognosis predictor. Li et al[@b83-jhc-1-021] also reported a correlation between lower miR-99a expression and outcome for HCC patients, supporting the potential value of miR-99a as a prognostic predictor in HCC. Kaplan--Meier and Cox proportional regression analyses showed that lower miR-99a expression in HCC significantly correlated with shorter survival for HCC patients. Using multivariate analysis, miR-99a was also identified as an independent predictor for the prognosis of HCC patients.

In a study of recurrence- and prognosis-related miRNAs in HCC after orthotopic liver transplantation, miR-19a, miR-886-5p, miR-126, miR-223, miR-24, and miR-147 were found to be upregulated in primary HCC samples from patients with recurrent HCC.[@b84-jhc-1-021] The receiver-operating characteristic (ROC) curve, Kaplan--Meier and Cox proportional regression analysis indicated that a profile of the six miRNAs might be a sensitive, specific, and independent biomarker for predicting HCC recurrence and survival.

Serum miRNAs as biomarkers for HCC diagnosis and prognosis
----------------------------------------------------------

Recent studies have shown that there are a large number of circulating miRNAs, and that altered miRNA expression profiles are closely related to disease.[@b85-jhc-1-021] Circulating miRNAs were first reported in 2008.[@b86-jhc-1-021],[@b87-jhc-1-021] These studies demonstrated that miRNAs were present in the serum and plasma of humans and other animals, such as mice, rats, bovine fetuses, calves, and horses. Serum miRNAs are very stable, resistant to digestive enzymes, acids and bases, and less subject to temperature changes and incubation/storage times, suggesting that serum miRNAs can serve as potential biomarkers for the detection of various cancers and other diseases.[@b88-jhc-1-021] As potential novel biomarkers, circulating miRNAs have advantages over tissue miRNAs: they are easily obtained by fast and noninvasive methods and can be quantified with high accuracy, etc.[@b86-jhc-1-021],[@b88-jhc-1-021],[@b89-jhc-1-021] Lawrie et al[@b90-jhc-1-021] were the first to report that circulating miR-21 had potential as a tumor biomarker. Since then, numerous circulating miRNAs with potential as biomarkers have been reported, such as the report by Hu et al[@b91-jhc-1-021] that identified four miRNAs (miR-486, miR-30d, miR-1, miR-499) that were closely related to overall survival from lung cancer. The use of circulating miRNAs as biomarkers to diagnose HCC has been intensely investigated. Certain miRNAs with potential diagnostic value in HCC are summarized in [Table 3](#t3-jhc-1-021){ref-type="table"}.

Circulating miR-500 was first reported with the potential to be used as a noninvasive diagnostic marker in HCC.[@b92-jhc-1-021] As a carcinoembryonic miRNA, miR-500 was highly expressed in many human HCC cell lines and tissues. Serum miR-18a[@b93-jhc-1-021] and miR-101[@b94-jhc-1-021] were also reported to have potential as noninvasive biomarkers for HBV-related HCC screening. Serum miR-18a was evaluated in 101 HBV patients with HCC, 30 patients with HBV alone, and 30 with cirrhosis, as well as 60 healthy patients. miR-101 expression was investigated in tissue and serum from patients with HBV-related HCC and from healthy controls. The data demonstrated that miR-101 was downregulated in HBV-related HCC tissue compared with adjacent noncancerous and normal tissue. Importantly, serum miR-101 levels were significantly higher in HBV-related HCC patients than in normal controls, and the increase correlated with HBV surface-antigen positivity, HBV deoxyribonucleic acid levels, and tumor size. These studies further confirmed that plasma miRNA panels have considerable clinical value for the diagnosis of early stage HCC.

Cancer tissues, including those from HCC, typically contain upregulated miR-17-5p, miR-221, and miR-222. Serum levels of miR-17-5p, miR-221, and miR-222 are associated with the development of HCC, and could be noninvasive biomarkers to predict prognosis in HCC patients. miR-17-5p serum levels were significantly downregulated in an HCC postoperative group, but were upregulated in an HCC relapsed group, and high serum levels of miR-17-5p correlated with reduced overall survival;[@b95-jhc-1-021] miR-221 serum levels were correlated with clinicopathologic features of HCC, and prognosis and the overall survival rate of HCC patients with high serum levels of miR-221 were significantly lower than that of patients with the low serum levels of miR-221;[@b96-jhc-1-021] miR-222 serum levels were also significantly correlated with cirrhosis, tumor number, portal vein tumor thrombosis, and Classification of Malignant Tumors (TNM) stage, but were not correlated with serum AFP levels, tumor size, or surface antigen of the hepatitis B virus (HbsAg).[@b97-jhc-1-021] The median overall survival in the miR-222 high-expression group was also significantly shorter than that in the low miR-222 expression group.

miR-21, miR-223, and miR-122 are commonly deregulated miRNAs in HCC. By investigating miRNA expression in plasma from healthy controls, chronic HBV (CHB), cirrhosis, and HBV-related HCC, Zhou et al[@b98-jhc-1-021] found a profile of seven miRNAs consisting of miR-122, miR-192, miR-21, miR-223, miR-26a, miR-27a, and miR-801 could differentiate HCC from healthy CHB or cirrhosis with high accuracy. Xu et al[@b99-jhc-1-021] revealed that miR-21, miR-122, and miR-223 could discriminate HBV-related HCC or CHB from healthy controls, but could not discriminate HBV-related HCC from CHB. They found that serum levels of miR-21, miR-122, and miR-223 were upregulated in HBV-related HCC patients compared with healthy controls, and miR-21 and miR-122 were higher in patients with CHB than in HCC patients. Serum miR-21 levels also correlated with clinical parameters in patients with different stages of chronic HCV (CHC) infection and CHC-related HCC.[@b100-jhc-1-021] It was ascertained that miR-21 levels were higher in patients with CHC than in healthy controls, but the serum miR-21 levels could not discriminate CHC from CHC-related HCC. These results suggest that miR-21 may be a potential biomarker for distinguishing CHB, CHC, CHB-related HCC, or CHC-related HCC from healthy controls, but not be a good biomarker for distinguishing CHB or CHC from CHB-related HCC or CHC-related HCC.

By studying 96 patients with HCC who received primary curative surgical resection, 57 patients with HCC, and 30 healthy controls, Liu et al[@b101-jhc-1-021] demonstrated that the combination of miR-15b and miR-130b had potential value for HCC screening in patients from the PRC. miR-15b, miR-21, miR-130b, and miR-183 were highly expressed in tumors and serum, but were markedly reduced after surgery. The accuracy of combined miR-15b and miR-130b is better than AFP in predicting early stage and low-AFP HCC cases. Qu et al[@b102-jhc-1-021] quantitated the serum levels of miR-16, miR-195, and miR-199a in 105 patients with HCC, 107 patients with chronic liver disease, and 71 normal controls, and ascertained that miR-16 and miR-199a serum levels were significantly reduced in HCC patients. The sensitivity and specificity of miR-16 alone or in combination with other markers (AFP, AFP-L3, and DCP) in diagnosing HCC were 92.4% and 78.5%, respectively. Köberle et al[@b103-jhc-1-021] reported that serum miR-122 and miR-1 levels have prognostic potential in HCC. In 195 HCC patients and 54 patients with liver cirrhosis, miR-1 and miR-122 levels correlated with overall survival, Cancer of the Liver Italian Program score, Barcelona Clinic Liver Cancer stage,[@b104-jhc-1-021],[@b105-jhc-1-021] clinical chemistry parameters, and tumor-specific treatment, indicating that serum miR-1 is a novel independent biomarker of overall survival in HCC patients, and may therefore improve the predictive value of classical HCC staging scores.

Serum miR-885-5p could also be a biomarker for HCC.[@b106-jhc-1-021] miR-885-5p, miR-574-3p, miR-224, miR-215, and miR-146a were reported to be upregulated in HCC and liver cancer. But only the serum levels of miR-885-5p were significantly higher in patients with CHB, cirrhosis, and HCC compared with normal controls and patients with colorectal cancer.[@b106-jhc-1-021] Li et al[@b107-jhc-1-021] employed a strategy of initial screening by Solexa sequencing (Illumina, San Diego, CA, USA) followed by validation with TaqMan^®^ (Life Technologies, Carlsbad, CA, USA) probe-based quantitative reverse-transcription polymerase chain reaction to ascertain the miRNA profiles of 513 subjects (210 controls and 135 HBV^−^, 48 HCV^−^, and 120 HCC-affected individuals). Solexa sequencing revealed that 13 miRNAs were upregulated in the serum of HBV patients compared with normal controls, and the combination of these 13 miRNAs accurately discriminated HBV cases from controls and HCV cases, and also discriminated HBV-positive HCC cases from control and HBV cases. The combination of miR-25, miR-375, and let-7f clearly separated HCC cases from controls, and miR-375 alone had an ROC curve of 0.96 (specificity 96%, sensitivity 100%) in predicting HCC. Their study demonstrated for the first time that serum miRNA profiles can serve as novel and noninvasive biomarkers for HBV infection and HBV-positive HCC. miR-92a was also reported to be upregulated in the plasma of patients with HCC compared with normal controls. However, compared with patients before tumor resection, it was downregulated in plasma from patients after tumor resection.[@b108-jhc-1-021] Therefore, all of these studies suggest that altered miRNA-expression profiles are associated with aspects of HCC, and are expected to be novel, noninvasive biomarkers for the diagnosis of different stages of HCC.

Discussion and conclusion
=========================

HCC is a highly lethal cancer that is usually diagnosed at the late stage. At diagnosis, patients have usually missed the best treatment window. The main reasons for this clinical outcome for HCC patients are the lack of reliable biomarkers for the early diagnosis of HCC and the paucity of effective treatment options to manage HCC patients. Identifying tumor biomarkers and developing accurate detection methods have long been the focus of cancer research, including in studies on HCC. Biomarkers play an important role in the early diagnosis, individualized treatment, prognosis, and numerous other aspects of HCC. Despite the growing number of HCC biomarkers that have been identified and used for HCC screening, diagnosis, and treatment, there are still significant deficiencies in clinical applications. In addition, current procedures for biomarker detection are complicated and invasive, which limits their clinical utility. Because of certain disadvantages, such as the variety of tumor-specific differentiation categories, low overall sensitivity, relatively high requirements for sample storage conditions, and the significant expense of detection methods, it is difficult to promote the use of existing HCC markers widely. Therefore, it is necessary to identify novel, sensitive, and convenient biomarkers for HCC that can remedy the disadvantages of the existing markers.

miRNAs that control the expression of numerous target genes in HCC have been well documented. As reported in many studies, certain miRNAs function as oncogenes, whereas others act as tumor suppressors. Extensive studies have demonstrated that HCC patients with different disease etiologies or at different disease stages exhibit specific miRNA profiles (either in circulation or in HCC tissue) that are associated with HCC progression or metastasis. These specific miRNAs have potential as diagnostic or prognostic HCC biomarkers. Although tissue miRNAs can be used as HCC biomarkers, surgery or invasive biopsies would still be required to obtain tissue for miRNA detection. Therefore, tissue miRNAs are not satisfactory for the diagnosis of early stage HCC or for applications in extensively screening for or preventing HCC. Based on this, researchers have turned their attention to circulating miRNAs, which are more readily available and can be collected during a routine physical examination.

Because blood circulates to all parts of the body and transports nutrients to and removes waste from cells, serum miRNAs reflect the physiological and pathological condition of the entire organism, and serum-test results have real significance for human health. The most probable sources of circulating miRNA involve three different pathways: 1) passive leakage from broken cells due to tissue injury, chronic inflammation, cell apoptosis, or necrosis, or from cells with a short half-life, such as platelets;[@b109-jhc-1-021] 2) active secretion via microvesicles, including exosomes and shedding vesicles;[@b88-jhc-1-021],[@b89-jhc-1-021],[@b110-jhc-1-021],[@b111-jhc-1-021] or 3) active secretion through a microvesicle-free, RNA-binding protein-dependent pathway.[@b112-jhc-1-021],[@b113-jhc-1-021] These provide the functional and applied basis of serum/plasma miRNA. Furthermore, serum-based detection is noninvasive, and thus can be applied to screening, prevention, and early diagnosis.

Compared with traditional biomarkers, serum miRNA has four main advantages: 1) miRNAs are ubiquitous in the serum/plasma of normal subjects and patients with various physiological conditions, tumor types, and disease stages; 2) serum/plasma miRNAs are stable, and the detection and quantitation methods are minimally invasive and easy to perform;[@b107-jhc-1-021],[@b114-jhc-1-021] 3) the detection of serum/plasma miRNAs is a real-time, comprehensive diagnostic method that can clearly define the progression of cancer and comprehensively reflect the disease status of a patient;[@b88-jhc-1-021] and 4) the screening of a serum/plasma miRNA fingerprint requires a rigorous multistage validation and evaluation system. Solexa sequencing technology was initially used for direct sequencing of serum/plasma miRNAs to perform cancer-specific miRNA-expression profiling. Real-time fluorescence methods were subsequently applied to perform quantitative reverse-transcription polymerase chain reaction screening of miRNA-expression profiles in large samples for independent validation. Preliminary evaluations and accuracy assessments of serum/plasma miRNAs as biomarkers could be performed using statistical analysis software and epidemiological data-analysis programs.[@b88-jhc-1-021],[@b114-jhc-1-021]--[@b117-jhc-1-021] The application of these procedures and policies would not only ensure the accuracy of serum/plasma miRNA biomarkers in clinical applications but also provide a method and strategy for the development of other disease biomarkers.

Although detecting the levels of circulating miRNAs for early diagnosis, individualized treatment, and prognosis of cancers have been gratifying achievements, clinical application still has a long way to go. The main issues to be addressed include: 1) looking for tumor-specific or organ-specific miRNA; 2) there are individual differences in miRNA expression, and miRNA-expression profiles vary based on the etiology of HCC (viral hepatitis, cirrhosis, etc) and on the immune status of HCC patients; 3) validating these biomarkers in larger sample sizes and in different ethnic populations; and 4) establishing conventional detection methods that can be carried out in the clinical laboratory, including standardized detection systems, standards, reference materials, and quality-control materials.

In conclusion, the advancement of research and technology in the fields of microarrays, sequencing, quantitative techniques, and bioinformatics will enable the discovery of numerous specific miRNAs that are potential biomarkers for the early detection of or prognosis for HCC. As emerging tumor biomarkers, miRNAs have good prospects for the future diagnosis and treatment of cancer.
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![The biogenesis of micro-ribonucleic acids (miRNAs). Primary miRNAs (pri-miRNAs) are transcribed from miRNAs encoding genes by polymerase (pol) II and processed into precursor miRNA (pre-miRNA) by Drosha in the nucleus. Pre-miRNAs are next exported to the cytoplasm with the help of exportin 5 and processed into mature form by Dicer. miRNAs in cytoplasm can bind to complementary sequences on target messenger RNAs to repress translation or trigger messenger RNA cleavage.\
**Abbreviations:** ORF, open-reading frame; mRNA, messenger RNA; RISC, RNA-induced silencing complex.](jhc-1-021Fig1){#f1-jhc-1-021}

###### 

Treatment options and outcomes of HCC

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  BCLC stage[@b17-jhc-1-021]   Tumor stage                                   Child--Pugh class[@b17-jhc-1-021]   PS     Treatment options      Outcomes/prognosis
  ---------------------------- --------------------------------------------- ----------------------------------- ------ ---------------------- ---------------------------------------------------------------------------------------
  Very early stage (0)         Single tumor \<2 cm, carcinoma in situ        A                                   0      Surgical resection     Potentially curative treatments (curative treatments 30%, 5-year survival \~50%--70%)

  Early stage (A)              Single tumor \<5 cm or three nodules \<3 cm   A or B                              0      Transplantation RFA\   
                                                                                                                        Surgical resection     

  Intermediate stage (B)       Multinodular                                  A or B                              0      TACE                   Palliative treatments (survival \~20 months)\
                                                                                                                                               3-year survival: 10%--40%

  Advanced (C)                 Portal invasion                               A or B                              0--2   Sorafenib              Palliative treatments (survival \~11 months)

  End stage (D)                Liver failure, tumor metastasis               C                                   \>2    Symptomatic therapy    1-year survival rate \<10%, survival \~3 months
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; PS, performance status; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

###### 

Tissue micro-ribonucleic acids (miRNAs) as biomarkers for HCC diagnosis and prognosis

  miRNAs                                                   Alteration   Diseases                      Clinical significance                                Reference(s)
  -------------------------------------------------------- ------------ ----------------------------- ---------------------------------------------------- ------------------------------------
  miR-21, miR-223                                          Up           ICC                           Poor prognosis                                       [@b72-jhc-1-021]
  miR-221                                                  Down                                       Cirrhosis related                                    
  miR-203                                                  Low          Post-LT HCC with recurrence   Poor recurrence-free survival and overall survival   [@b73-jhc-1-021]
  miR-155                                                  High         Post-LT HCC with recurrence   Poor recurrence-free survival and overall survival   [@b74-jhc-1-021]
  miR-185                                                  Low          Early stage HCC               High recurrence                                      [@b75-jhc-1-021], [@b76-jhc-1-021]
  miR-602                                                  Up           HBV-positive HCC              Diagnostic marker                                    [@b77-jhc-1-021]
  miR-18b                                                  High         HCC after resection           Short relapse-free period                            [@b78-jhc-1-021]--[@b81-jhc-1-021]
  miR-20a                                                  Low          Post-LT HCC with recurrence   Poor recurrence-free survival and overall survival   [@b82-jhc-1-021]
  miR-99a                                                  Low          HCC                           Poor prognosis                                       [@b83-jhc-1-021]
  miR-19a, miR-886-5p, miR-126, miR-223, miR-24, miR-147   Up           OLT with recurrence           High recurrence                                      [@b84-jhc-1-021]

**Abbreviations:** ICC, intrahepatic cholangiocarcinoma; LT, liver transplantation; HBV, hepatitis B virus; OLT, orthotopic liver transplantation; HCC, hepatocellular carcinoma.

###### 

Serum micro-ribonucleic acids (miRNAs) as biomarkers for HCC diagnosis and prognosis

  miRNAs                                      Alteration   Diseases                      Clinical significance   Reference(s)
  ------------------------------------------- ------------ ----------------------------- ----------------------- -----------------------------------------------------------------------
  miR-500, miR-92a, miR-25, miR-375, let-7f   Up           HCC, HBV-positive HCC         Diagnostic marker       [@b92-jhc-1-021],[@b94-jhc-1-021],[@b107-jhc-1-021],[@b108-jhc-1-021]
  miR-18a                                     Up           HBV-positive HCC              Diagnostic marker       [@b93-jhc-1-021]
  miR-101                                     Up           HBV-positive HCC              Diagnostic marker       [@b94-jhc-1-021]
  miR-17-5p, cmiR-221                         High         Post-LT HCC with recurrence   Poor overall survival   [@b95-jhc-1-021],[@b96-jhc-1-021]
  miR-222                                     High         HBV-positive HCC              Poor overall survival   [@b97-jhc-1-021]
  miR-192, miR-26a, miR-27a, miR-801          Up           HBV-positive HCC              Diagnostic marker       [@b98-jhc-1-021],[@b99-jhc-1-021]
  miR-223                                     Up           HBV-positive HCC              Diagnostic marker       [@b98-jhc-1-021],[@b99-jhc-1-021],[@b107-jhc-1-021]
  miR-122                                     Up           HBV-positive HCC              Diagnostic marker       [@b98-jhc-1-021],[@b99-jhc-1-021],[@b103-jhc-1-021],[@b107-jhc-1-021]
  miR-21                                      Up           HBV-positive HCC              Diagnostic marker       [@b98-jhc-1-021]--[@b101-jhc-1-021]
  miR-15b, miR-130b                           Up           HCC                           Diagnostic marker       [@b101-jhc-1-021]
  miR-16                                      Down         HCC                           Diagnostic marker       [@b102-jhc-1-021]
  miR-885-5p                                  Up           HBV-positive HCC              Diagnostic marker       [@b106-jhc-1-021]
  miR-1                                       Up           Cirrhosis, HCC                Diagnostic marker       [@b103-jhc-1-021]

**Abbreviations:** HBV, hepatitis B virus (chronic); LT, liver transplantation; HCC, hepatocellular carcinoma.
